All the forms examined cytologically during the present study are included in table 1. They are arranged alphabetically.
The first column gives the species and in a number of cases the variety.
In this column are included a few synonymous names sometimes incorrectly applied.
The second column gives the source of the material-either the commercial house from which secured or the field location where collected.
The third column contains the number of pairs of chromo somes at first reduction division.
The fourth column contains the number of chromosomes observed in somatic prophases or metaphases . The numbers in the last column refer to figures in the text which depict the various chromosome complements . An asterisk (*) by a species name in the first column indicates a form whose chro mosome number was investigated by Kelly and Wahl (1928) . Much of the material given in table 1 was published in a prelimi nary article but, for comprehensiveness, is again included.
It will be noticed ( containing 14 as the 2n number; one is apparently a triploid containing 20 (probably 21) chromosomes for the 2n number, while two are tetra ploids containing 28 somatic chromosomes. Of the species studied cytologically P. buckleyi (2n=28) is the only polyploid species found growing in the eastern United States.
Unlike the diploid species which flourish in this same general region, and which are rather widespread over several or many states, this polyploid species seems to be restricted to a small area in the Allegheny Mountains of the Virgi nias. It has only been reported from seven localities, all within an area only forty miles in diameter.
Its habitat in each locality is a thinly wooded slope toward the base of a hill of Devonian shale (Wherry 1930b) .
In some somatic cells of P. procumbens 15 chromosomes are observed ( fig. 29) . A few late anaphases of meiosis also seem to show 7 chromo somes nearing one pole and 8 nearing the other, although no unques tionable figures of this kind have been seen. The majority of the somatic cells contain 14 chromosomes ( fig. 31 ) and most meiotic I Numerous P. drummondii types were examined for chromosome number.
The variants differed in such characters as height, flower color, corolla form, and petal number (see Kelly 1915) . All forms examined had 2n=14 chromosomes.
Much confusion concerning the Phlox species has existed in the past. The taxonomic studies of Professor Edgar T. Wherry are doing much to clear up this problem, especially for the species in the eastern and central states.
The nomenclature in table 1 is largely that of "Standardized Plant Na mes", although the nomenclature found there has been modified in several instances following Wherry (1929 Wherry ( -1932 terminal constrictions. Four of the latter, however, are shorter and more compact than the others and may have terminal spindle fiber attach ments. The somatic chromo somes would indicate this to be an autotetraploid species. A late diakinesis figure in a megaspore mother cell appar ently shows 3 tetravalent, 5 bivalent, and 6 univalent chro matin groups.
The other 4n form examined (P. diffusa) may have 24 somatic chromosomes with subterminal attachment constric tions while the other 4 have submedian constrictions.
More material must be examined to be certain of this.
(5) Trabants have been noted on one or two somatic chromosomes in several forms but never certainly in all the plates of a form. This lack of constancy is probably due to fixation. A lateral trabant has been observed on one somatic chromosome of P. pilosa. This, too, has not been seen constantly.
(6) Trabants are also noted on diakinetic chromosomes of some forms ( fig. 35 ). ences in Kelly's 1915 paper. The writer (Flory 1931) has attempted reciprocal crosses between P. divaricata and P . drummondii. When P divaricata was used as the female parent 40 crosses resulted in twenty-three normal appearing seeds. Circumstances necessitated delay of germination attempts for two years. At that time the seeds were non-viable, probably due to the prolonged resting period . No sets resulted from 34 reciprocal crosses. Attempts have also been made to cross P. drummondii reciprocally with P paniculata var. R. P. Struthers.
Approximately 60 crosses were made in each direction but no seeds resulted.
Hybridity and Pollen Sterility
Three of the species worked with cytologically are commercial hybrids according to "Hortus" (Bailey and Bailey 1930 ) (see table 2 ). P. Arendsii is a hybrid between P. divaricata and P. paniculata. P.
procumbens (bought under the name of P. amoena) is a hybrid between P. stolonifera and P. subulata (see Wherry 1930a) . P. stellaria is ap parently a hybrid between P. bifida and P. subulata. There are five parent species involved in these three horticultural forms. Plants of P. bifida could not be secured, but the other four parents were each found to contain 14 for the 2n chromosome number. It was only to be expected that the 2n number of P. Arendsii and P. procumbens would be 14. This was apparently found to be the case although some so matic cells of P. procumbens buds showed 15 chromosomes (see discus sion of this above). P. stellaria was also found to contain 14 somatic chromosomes.
Lack of bud material prevented an examination of the meiotic phases of P stellaria. However P. M. C. divisions of both of the other hybrids were examined and were found to be quite irregular. P. procumbens was found to exhibit more meiotic irregularities than P. Arendsii, and only the description of the abnormalities in the former will be given.
The irregularities observed in these two hybrids were of the same nature and apparently only differed in the frequency of their occurrence.
This difference in frequency may be observed in table 4.
In P. procumbens thirty P. M. C's. in diakinesis were carefully examined.
More P. M. C's. were found containing 5 bivalents and 4 univalents than any other combination; of the thirty cells observed ten possessed this chromosome formation.
At metaphase I and anaphase I it was extremely difficult to find a regular figure. In practically every case 1 or more chromosomes would be found going to the poles ahead of the others.
Often 1, 2, or 3 chromosomes would be nearing each pole while 6, 5, or 4 bivalents remained on the plate.
Or, too, 2 chromosomes might be going to one pole, none to the other; or 3 to one pole, and 1 to the other (fig. 39) ; or 4 or 5 to one pole and 2 or only 1 to the other-while the remaining chromosome units were yet on the plate. Other combinations were also found. Occasionally in late anaphase 7 chromosomes would be found nearing each pole ( fig. 40 ). More often, however, 8 would be found at one pole, 6 at the other (fig. 37) ; or 6 at one pole, 7 at the other, and 1 left on the plate (figs. 38 and 43); or, 6 at each pole and a bivalent at the plate (fig. 42) ; or other combinations.
Corresponding irregularities were found at telophase I. At early first telophase polar nuclei were observed to round up containing 5, 6, 7, or 8 chromosomes.
Frequently after the two polar nuclei formed there remained 1, 2, or 3 chromosomes (usually 1) on the plate or at some place in the cytoplasm (figs. 44 and 45). At later telophase these chromosomes, which were excluded from the main nuclei would round up and form one or two small nuclei ( fig. 46) . Table 3 shows the number and the character of the nuclei in 152 first telophase figures. Approximately 60% of these figures contained more than two nuclei. Table 3 . Number and character of nuclei at telophase I in P. procumbens.
Metaphase II figures showed irregularities. Although some showed two normal plates some contained 7 chromosomes in one plate, 6 in one, and 1 chromosome arranged alone as if on a separate plate ( fig. 47 ). Others were seen with 7 in one plate, 5 in another, and the semblance of two other plates showing 1 chromosome each ( fig. 48 ). Second telophases were observed with nuclei in the following combinations: four large; two large, two medium, one small (fig. 50) Table 4 presents an analysis of the number of microspores per microsporocyte in the two commercial hybrids P. Arendsii Charlotte and P. procumbens, and for comparison includes counts on the three species P. maculata, P. paniculata and P. subulata rosea. Almost 100 % of the microsporocytes of the three species, just named, contained four well rounded and filled normal appearing microspores. Only 82.38% of the P. Arendsii Charlotte and only 72.6% of the P. procumbens microsporocytes contained four microspores (figs. 52 and 53). Among the microsporocytes of the five forms of Phlox investigated approxi mately 70% (130 out of 185) of the ones which deviated from a content of four microspores contained five ( fig. 54 ). The majority of the five spore sporocytes contained one dwarf and four large spores.
The microspores of the four-spore sporocytes of the hybrid forms are not nearly all well developed and normal ( fig. 53) uneven edges, shrivelled contours, roughly granular appearing and deeply staining cytoplasm, and nuclei which show disorganization or degeneration-as contrasted with "good" microspores which have even contours, lighter and more even appearing cytoplasm (with same fixation) and apparently regular nuclear organization.
Even where there are four apparently well developed spores one is often larger than the other three, or two may be larger than two, etc. In addition to microsporocytes containing four and five microspores some contained two, three ( fig. 56), six (fig. 55) , and seven microspores. Table 5 shows the character of the spores in 302 (part of 500 in table 4) P. pro cumbens microsporocytes and in 210 (same as in table 4) P. Arendsii Charlotte microsporocytes. 
Observed Sterility
Incidental to the other observations reported here notes were taken on several phases of sterility occurring in some forms.
A group of P. stolonifera plants were observed during one flowering season. Out of approximately 800 flowers not an ovule was seen to develop. Nineteen P. buckleyi buds sectioned all had anthers aborted at a very early stage. No seed sets have been seen in P. Arendsii Plants . In 1933 six stalks of variety Hanna (developing 620 flowers) and three stalks of variety Hilda (developing 180 flowers) showed no seed sets. In P. stellaria flowers the ovaries are usually aborted.
Only one bud out of twenty-seven examined had even a partially developed ovary. In it the ovules were aborted.
Some varieties of P. paniculata abort part or most of their pollen. The variety Atlas, for example, showed very little good pollen at Boyce during the 1933 season. Very few seeds are observed in P. subulata species. Seedlings of this form have been seen, however, among both wild and cultivated types. In contrast to most eastern perennial Phlox species P divaricata exhibits a high degree of seed fertility.
Almost all flowers result in good capsules, and many seedlings are seen each season.
It can be seen that these observations were limited. Whether the conditions reported as existing are generally true for the species mentioned, or whether they are due to local physiological, or other causes is not yet known.
Discussion
According to Darlington's (1932) classification both P Arendsii and P. procumbens seem to fall in the group of undefined hybrids. The chromosome irregularities causing abnormal microspore production in these forms is doubtless directly conditioned by hybridity.
The appearance of phenomena similar to those often caused by hybridity has been induced by the influence of heat and cold (Blakeslee and Cartledge 1927; Sax 1931, and others) , by X-ray treatment of parental gametophytes (Goodspeed 1929; Goodspeed and Avery 1930; Stadler 1931) , and by insect infection (Kostoff and Kendall 1929) . Whitaker (1933) believes that meiotic irregularities in Cyphomandra betacea are due to temperature conditions at time of flowering.
Non-conjunction, irregular disjunction, and polyspory may be due to one or more of several causal agents. Hybridization is only one of these. As Erlanson (1931) and Darlington (1932) point out hybrids may show normal meiotic behavior owing to the differences being too slight to reduce chiasma formation.
Probably more often, however, hybridization does cause meiotic disturbances such as those here described for the derivatives of species crosses in Phlox. Wherry (1930b) believes that P. buckleyi is more closely related to P. ovata than to any other form. In another report (1931) he mainly distinguishes between the two forms on the basis of leaf hardiness, denseness of pubescence, extent of habitat and slight differences in leaf shape. The appearance of the somatic chromosome complement and the presence of quadrivalent associations at meiotic prophase rather indicate that P buckleyi is an autotetraploid form. When the systematic characters mentioned are considered with these cytological observations it does not seem unreasonable to suppose that P. buckleyi is a type of P. ovata which has doubled its chromosome number. Working on this suposition several points help us explain the narrow ecological range of the tetraploid.
First, it would seem that doubling of the diploid complement of P. ovata occurs very infrequently. Per haps this doubling has taken place only once (or at most only a few times) in the White Sulphur Springs region. The spreading of the range of the new form by natural agents would of course be very slow at first (especially since pollen production appears to be very rare in this type) but would accumulate speed, in time, as the diameter of its occurrence increases.
Then, too, chromosome doubling is quite likely to give new, or special, genic combinations which may limit its growth to a definite type of environment . This would considerably deter its geographic scattering.
If the explanation just given proves correct taxonomists are likely to find other colonies of the P . buckleyi form growing in the P. ovata habitat range.
Some conjecturing might be made concerning chromosome relation ships in the three genera Phlox , Polemonium, and Gilia.
The two latter forms may have arisen from tetraploid Phlox forms . If 10 pairs of chromosomes, in such a 4n form , should fuse end to end a form would result with 18 chromosomes . The position of the attachment constrictions in Gilia capitata and in most Phlox species would favor such a theory. If, on the other hand , Beliajeff's (1930) viewpoint is considered it is more plausible to suppose that 2n Phlox types have arisen from forms of Polemonium or of Gilia containing 18 chromo somes. Again we would have to explain the more recent forms as resulting from chromosome fusion. If numbers alone are thought of 2n Polemonium and Gilia species may seem to arise from 2n Phlox types by fragmentation or reduplication of chromosomes . This seems unlikely.
Mention has been made of the variability existing among the forms of this genus.
This variability is seen in such characteristics as height, foliage, growth habit, time of flowering, and method of propa gation. Regardless of these differences a high degree of definiteness in number and size of the chromosomes exists.
The distinction of species is due to a difference in kind or arrangement of the genes . Further study of the chromosome complements involved may show whole chromosome differences to exist between species . It seems more likely that only partial chromosome differences exist. Segmental translocation, inversion, and deficiency of chromosomes have been caused by irradiation (Muller, Goodspeed, Stadler, Dobzhansky , and others) .
Such rearrangements and losses of chromosome portions are also reported as being of spontaneous origin in numerous species .
Changes of this nature may have played the largest part in the cytological and taxonomical differentiation of Phlox forms .
Summary
(1) Chromosome numbers of 18 forms (35 varieties) of Phlox have been determined.
The basic chromosome number is 7 . Thirty-two varieties scattered among 15 forms contain 14 chromosomes in the body cells (or 7 in the germ cells). One of these forms (a derivative of a species cross) indicated a partial aneuploid condition-15 chromosomes being seen in some somatic cells. Of the other 3 forms examined 2 were tetraploid, with 28 somatic chromosomes, and the third one was apparently a triploid since it had 20+ somatic chromosomes . Gilia capitata, from a related genus, has 18 somatic chromosomes.
(2) Some morphological characters of the chromosomes are de scribed.
(3) The known hybridizations among Phlox species are sum marized.
(4) Three species hybrids were among the 18 forms worked with. Cytological irregularities in 2 of these (and especially in P. procumbens) are followed through the two meiotic divisions and are shown to result in abnormal microspore and pollen production.
(5) Mention is made of the types of sterility observed in several forms.
(6) A discussion is given which touches on some taxonomic and phylocytological problems. I wish to acknowledge my indebtedness to Professor Orland E. White for materials, for the use of laboratory facilities, and for helpful interest and advice.
I am also greatful to Doctor Hiram M. Showalter for furnishing me with several species of Phlox collected in Alabama.
